Introduction {#Sec1}
============

Trauma is one of the leading causes of pediatric mortality in the United States (US) with an additional 9.2 million children presenting annually to US emergency departments for non-fatal injuries \[[@CR1]\]. However, pediatric genitalia injuries comprise a small fraction of this population, with an incidence ranging 0.2--8% of all reported pediatric trauma cases \[[@CR2]--[@CR5]\]. These pediatric genitalia injuries can occur due to accidental trauma (i.e. straddle injuries, motor vehicle accidents, etc.) or due to abuse and as a result can lead to long-term physical and/or psychological sequelae for the victims \[[@CR5], [@CR6]\].

A multi-center study between 1993 and 1997 found that perineal injuries requiring surgery in female pediatric patients were most commonly associated with motor vehicle accidents, however they did not specifically evaluate for sexual assault \[[@CR2]\]. Another multi-institutional study between 2003 and 2007 found that sexual assault was the third most common cause of pediatric female genitalia trauma with an incidence of 11.5% \[[@CR7]\]. Several single-center studies have identified straddle injuries as the most common cause of unintentional female pediatric genitalia trauma, whereas hymenal injury is suggestive of sexual abuse \[[@CR4], [@CR8]\]. Furthermore, populations within pediatric patients, such as adolescents (12--16 years old) and younger pediatric patients (\< 12 years old), may receive different examination methods, as well as have different mechanisms of injury, injury patterns, and outcomes \[[@CR9]--[@CR12]\]. Therefore, we sought to perform a large national analysis using a pediatric trauma database to describe the demographics, injury patterns, treatments, and outcomes associated with pediatric and adolescent genitalia trauma (i.e., vaginal and vulvar injuries). In addition, we hypothesized a difference in mechanisms of injury (i.e., sexual abuse) and need for operative intervention between adolescent and pediatric cohorts.

Methods {#Sec2}
=======

This study protocol was approved by our local Institutional Review Board. We performed a retrospective analysis using the National Trauma Data Bank (NTDB) of female trauma patients ≤ 16 years old with vaginal or vulva trauma from January 2007 through December 2015. The NTDB is known to be the largest trauma registry with a dataset including over 1.2 million cases of patients aged \< 20 years old aggregated from over 700 national trauma centers from 2007 to 2015 \[[@CR13]\]. Vaginal trauma was defined using the International Classification of Diseases Version-9 (ICD-9) diagnosis codes: 878.6, 878.7. Vulvar trauma was defined using the ICD-9 diagnosis codes: 878.4, 878.5. Two groups were compared: pediatric patients \< 12 years old and adolescent patients between 12 and 16 years old. The primary outcome was operative intervention for vaginal/vulvar trauma. ICD-9 procedure codes were used to identify patients undergoing operative intervention and are listed in Appendix-A.

Frequency statistics were performed for all variables. The differences in demographic characteristics, mechanism of injury, and injury-associated characteristics including injury severity score (ISS) were collected. Demographic information included age, race, and alcohol/drug use. The injury profile included ISS and severe grade (grade \> 3) on the abbreviated injury scale (AIS) for the head, thorax and abdomen. Other measured outcomes included hospital length of stay (LOS), ventilator days, urinary tract infection, and mortality. A Student's *t* test and Mann--Whitney *U* test were used to compare continuous variables and reported with medians and interquartile range or as means with standard deviation. Chi-square test was used to compare categorical variables and reported as percentages.

All *p* values were two-sided, with a statistical significance level of \< 0.05. All missing data points were not imputed but treated as missing data. All analyses were performed with IBM SPSS Statistics for Windows (Version 24, IBM Corp., Armonk, NY).

Results {#Sec3}
=======

Characteristics of all pediatric and adolescent injuries {#Sec4}
--------------------------------------------------------

From the 303,992 female pediatric trauma patients ≤ 16 years old between years 2007 and 2015, 3,206 (1.1%) were identified to have genitalia trauma. The most common mechanisms of injury to genitalia were being pedestrian struck (45.6%) and blunt injury not including pedestrian struck, falls, and motor vehicle and bicycle accidents (15.4%), followed by abuse not including rape (6.8%), falls (6.7%), bicycle accidents (5.5%), motor vehicle accidents (5.1%), stab wounds (4.2%), and rape (3.6%). Of the 3206 patients, 2953 (92.1%) were pediatric patients, and 2007 (62.6%) had injury to the vagina. The most common mechanisms of vaginal injury were being pedestrian struck (46.8%) and blunt injury not including pedestrian struck, falls, and motor vehicle and bicycle accidents (11.7%), followed by abuse not including rape (8.9%), falls (5.9%), rape (5.4%), motor vehicle accidents (5.2%), bicycle accidents (4.7%), and stab wounds (4.2%). Vulvar injuries were most commonly caused by being pedestrian struck (43.9%), blunt injury not including pedestrian struck, falls, and motor vehicle and bicycle accidents (20.9%), followed by falls (8.0%), bicycle accidents (6.7%), motor vehicle accidents (4.9%), stab wounds (4.2%), and abuse not including rape (3.6%). A total of 44.8% of vaginal injuries and 54.6% of vulvar injuries underwent operative repair.

Comparison of pediatric vs. adolescent vaginal injuries {#Sec5}
-------------------------------------------------------

The median ages for patients with injury to the vagina were 6 years for pediatric patients and 14 years for adolescents (*p* \< 0.001). When compared to the adolescent group, pediatric patients with injury to the vagina were more likely to be of white race (61.2% vs. 50.0%, *p* = 0.002) and less likely to be of black race (16.4% vs. 27.8%, *p* \< 0.001) and screen positive for drugs of abuse (0.4% vs. 3.8%, *p* \< 0.001). Pediatric patients had a lower median ISS (1.0 vs. 2.0, *p* \< 0.001) and lower severe grade for the AIS of the thorax (0.3% vs. 1.5%, *p* = 0.01). Pediatric patients were less likely to be victims of rape (4.1% vs. 17.3%, *p* \< 0.001), assault (2.1% vs. 7.2%, *p* \< 0.001), gunshot wounds (0.3% vs. 2.4%, *p* \< 0.001), and motor vehicle accidents (4.3 vs. 13.5%, *p* \< 0.001). However, they were more likely to be victims of other abuse (9.5% vs. 3.4%, *p* = 0.003) and blunt injury not including pedestrian struck, falls, and motor and bicycle accidents (12.4% vs. 5.7%, *p* = 0.01) when compared to adolescents (Table [1](#Tab1){ref-type="table"}).Table 1Patient characteristics of pediatric and adolescent external genitalia trauma to the vaginaCharacteristicVagina*p* valuePediatric (*n* = 1813)Adolescents (*n* = 208)Age, years, median (IQR)6.0 (4)14.0 (2)\< 0.001ISS, median (IQR)1.0 (3)2.0 (8)\< 0.001Race, *n* (%) White1109 (61.2%)104 (50.0%)0.002 Black298 (16.4%)58 (27.8%)\< 0.001 Asian33 (1.8%)3 (1.4%)0.06Hispanic ethnicity, *n* (%)253 (14.0%)24 (11.6%)0.53Alcohol, *n* (%)9 (0.4%)5 (2.4%)0.24Drug, *n* (%)7 (0.4%)8 (3.8%)\< 0.001Mechanism, *n* (%) Rape74 (4.1%)36 (17.3%)\< 0.001 Other abuse173 (9.5%)7 (3.4%)0.003 Other assault38 (2.1%)15 (7.2%)\< 0.001 Penetrating  Gunshot wound5 (0.3%)5 (2.4%)\< 0.001  Stab wound78 (4.3%)7 (3.4%)0.52  Other18 (1.0%)1 (0.5%)0.47 Blunt  Pedestrian struck849 (46.8%)96 (46.2%)0.39  Falls105 (5.8%)14 (6.7%)0.09  Motor vehicle accident78 (4.3%)28 (13.5%)\< 0.001  Bicycle accident89 (4.9%)6 (2.9%)0.19  Other225 (12.4%)12 (5.7%)0.01 All other366 (20.2%)83 (39.9%)Severe^a^ AIS, *n* (%) Head38 (2.1%)5 (2.4%)0.77 Spine1 (0.1%)0 (0.0%)0.73 Thorax5 (0.3%)3 (1.4%)0.01 Abdomen19 (1.0%)4 (1.9%)0.26*IQR* interquartile range, *ISS* injury severity score, *AIS* abbreviated injury score^a^Severe (grade \> 3)

Pediatric patients with vaginal trauma had a shorter median LOS (1 vs. 2 days, *p* \< 0.001) and were less likely to have vaginal trauma repairs (43.2% vs. 58.7%, *p* \< 0.001), compared to adolescent patients. There was no difference in intensive care unit (ICU) days (3 vs. 3 days, *p* = 0.77), ventilator days (2 vs. 3 days, *p* = 0.15), and mortality rate (1.8% vs. 1.0%, *p* = 0.40) between the two cohorts (Table [2](#Tab2){ref-type="table"}).Table 2Patient outcomes of pediatric and adolescent external genitalia trauma to the vaginaCharacteristicVagina*p* valuePediatric (*n* = 1414)Adolescents (*n* = 208)Outcomes LOS, days, median (IQR)1.0 (1)2.0 (4)\< 0.001 ICU, days, median (IQR)3.0 (4)3.0 (4)0.77 Ventilator, days, median (IQR)2.0 (4)3.0 (4)0.15 Urinary tract infection, *n* (%)3 (0.2%)1 (0.5%)0.33Procedure, *n* (%) Repair of vagina784 (43.2%)122 (58.7%)\< 0.001 Repair of vulva or perineum----Mortality, *n* (%)31 (1.8%)2 (1.0%)0.40*IQR* interquartile range, *LOS* length of stay, *ICU* intensive care unit

Comparison of pediatric vs. adolescent vulvar injuries {#Sec6}
------------------------------------------------------

Of the female patients ≤ 16 years old, 1349 (42.1%) patients had vulvar trauma, of which 1204 (89.3%) were pediatric patients and 145 (10.7%) were adolescents. Pediatric patients and adolescents with injury to the vulva had median ages of 6 and 13, respectively (*p* \< 0.001). Compared to adolescents, pediatric patients had a lower mean ISS (3.2 vs. 4.6, *p* \< 0.001) and were less likely to be have a positive toxicology screen (0.5% vs. 4.1%, *p* = 0.02). Pediatric patients were less likely to be victims of rape (0.7% vs. 2.8%, *p* = 0.01), gunshot wounds (0.2% vs. 1.4%, *p* = 0.01), and motor vehicle accidents (4.2% vs. 11.0%, *p* \< 0.001), but more likely to be victims of blunt injury not including pedestrian struck, falls, and motor and bicycle accidents (22.5% vs. 7.5%) (Table [3](#Tab3){ref-type="table"}).Table 3Patient characteristics of pediatric and adolescent external genitalia trauma to the vulvaCharacteristicVulva*p* valuePediatric (*n* = 1204)Adolescents (*n* = 145)Age, years, median (IQR)6.0 (4)13.0 (2)\< 0.001ISS, mean (SD)3.2 (6)4.6 (7)\< 0.001Race, *n* (%) White710 (59.0%)89 (61.4%)0.58 Black188 (15.6%)23 (15.9%)0.92 Asian29 (2.4%)2 (1.3%)0.41Hispanic ethnicity, *n* (%)178 (14.8%)20 (13.8%)0.53Alcohol, *n* (%)8 (0.6%)5 (3.4%)0.24Drug, *n* (%)6 (0.5%)6 (4.1%)0.02Mechanism, *n* (%) Rape8 (0.7%)4 (2.8%)0.01 Other abuse47 (3.9%)1 (0.7%)0.48 Other assault19 (1.6%)1 (0.7%)0.40 Penetrating  Gunshot wound2 (0.2%)2 (1.4%)0.01  Stab wound50 (4.2%)6 (4.1%)0.99  Other12 (1.0%)1 (0.7%)0.72 Blunt  Pedestrian stuck524 (43.5%)68 (46.9%)0.29  Falls98 (8.1%)10 (6.9%)0.14  Motor vehicle accident50 (4.2%)16 (11.0%)\< 0.001  Bicycle accident75 (6.2%)15 (10.3%)0.06  Other271 (22.5%)11 (7.5%)0.01 All other122 (10.1%)16 (11.0%)Severe^a^ AIS, *n* (%) Head22 (1.8%)1 (0.7%)0.31 Spine1 (0.1%)0 (0.0%)0.73 Thorax4 (0.3%)0 (0.0%)0.48 Abdomen6 (0.5%)3 (2.1%)0.28*IQR* interquartile range, *ISS* injury severity score, *AIS* abbreviated injury score^a^Severe (grade \> 3)

Pediatric patients also had a shorter median LOS (1 vs. 2 days, *p* \< 0.001). However, there was no difference in rates of operative repair to the vulva for pediatric patients as compared to adolescent patients (54.6% vs. 54.5%, *p* = 0.98). Additionally, there was no difference in ICU days (2 vs. 3 days, *p* = 0.09), ventilator days (2 vs. 2.5, *p* = 0.97), and mortality rate (0.9% vs. 0.0%, *p* = 0.26) between pediatric and adolescent patients with vulvar injuries (Table [4](#Tab4){ref-type="table"}).Table 4Patient outcomes of pediatric and adolescent external genitalia trauma to the vulvaCharacteristicVulva*p* valuePediatric (*n* = 2023)Adolescents (*n* = 145)Outcomes LOS, days, median (IQR)1.0 (1)1.5 (2)\< 0.001 ICU, days, median (IQR)2.0 (3)3.0 (4)0.09 Ventilator, days, median (IQR)2.0 (3)2.5 (4)0.97 Urinary tract infection, *n* (%)1 (0.1%)1 (0.7%)0.73Procedure, *n* (%) Repair of vagina---- Repair of vulva or perineum657 (54.6%)79 (54.5%)0.98Mortality, *n* (%)10 (0.9%)0 (0.0%)0.26*IQR* interquartile range, *LOS* length of stay, *ICU* intensive care unit

Discussion {#Sec7}
==========

This retrospective study comprising eight years of national data from the NTDB found that just over 1% of female patients ≤ 16 years old had genitalia trauma. The vagina was more commonly injured than the vulva in both pediatric and adolescent patients. However, adolescent patients were more likely to be victims of rape, had longer LOS than pediatric patients, and were more likely to undergo repair of vaginal injuries. Additionally, vulvar injuries in adolescent patients were more likely to be secondary to motor vehicle accidents.

Pediatric genitalia trauma is scarcely studied, potentially due to its taboo nature. In a retrospective study of 41 children's hospitals, Shnorhavorian et al. found that the mechanism of pediatric genitalia injuries among 5664 patients was most often due to unintentional injury with an object (15.8%), followed by home accidents (14.3%) and sexual assaults (11.5%) \[[@CR7]\]. However, our findings demonstrate that although the most common mechanisms are blunt injury from being pedestrian struck (45.6%) and blunt injury not including pedestrian struck, falls, and motor vehicle and bicycle accidents (15.4%), the next most common mechanism is intentional abuse, excluding rape (6.8%). This suggests that abuse should be considered whenever female patients ≤ 16 years old present with external genitalia injury. In addition, trauma providers should evaluate female children involved in significant blunt trauma mechanisms for these injuries.

Previous studies, albeit mixed with perineal and anorectal injuries, have found that surgical repair is uncommon and only performed in up to 9% of female genitalia injuries \[[@CR2], [@CR7], [@CR14]\]. However, in a retrospective review, Spitzer et al. found that around 21% of unintentional pediatric vulvar trauma required surgical repair \[[@CR4]\]. In contrast, our study found nearly 50% of all female pediatric patients with external genitalia trauma underwent operative repair. However, given that our database is focused on trauma patients, lesser injured pediatric patients are not captured within this database, thus skewing our data. That said, trauma providers unfamiliar with these injuries should be cognizant of this common requirement for operative intervention and liberally seek specialist consultation from gynecologists and/or abuse specialist to ensure proper operative treatment is offered when appropriate.

Vaginal injures may be indicative of pediatric non-accidental trauma. Joki-Erkkila et al. found that the median age of children with police-reported suspicion of sexual abuse between 2001 and 2009 was 7.1 years of age \[[@CR15]\]. A case series by Berkoff et al. sought to evaluate whether genitalia examination was effective in determining sexual abuse, and found that vaginal discharge along with posterior hymenal transections, deep notches, and perforations could indicate sexual abuse in prepubescent female \[[@CR16]\]. We add to this literature by further dividing injuries based on anatomy (vaginal vs. vulvar) and age group (pediatrics vs. adolescent patients), demonstrating that common mechanisms of injury change based on vaginal or vulvar injury and pediatric or adolescent population. Our study was consistent in that we found a greater rate of vaginal injuries was caused by rape or assault, with \~ 17% of vaginal injuries in adolescent patients due to rape. Moreover, Spitzer et al. found that patients who required surgical repair had a greater association with certain risk factors, such as older age and injuries involving penetration and the hymen \[[@CR4]\]. In support of this, our study demonstrated a high surgical repair rate in patients with vaginal injuries with a significantly higher repair rate in adolescents.

Straddle injury, including the vulva, as compared to hymenal injury is more likely to occur in accidental genitalia trauma, compared to sexual assault. Spitzer et al. found that straddle injuries, which do not involve the vagina, were the most common cause of unintentional female pediatric trauma, making up 81.9% of injuries \[[@CR4]\]. Bond et al. similarly found that unintentional injuries were more commonly associated with straddle injury, involving the labia minora in 67.9% of the pediatric patients between ages 1 and 12 \[[@CR8]\]. Similarly, our study found a higher rate of vulvar injuries was due to blunt injury, as compared to rape or assault (85.0% vs. 5.9%). In contrast, we found a significantly greater cause of injury by motor vehicle accidents in adolescents as compared to pediatrics. Therefore, adolescents in motor vehicle accidents should raise heightened concern for vulvar injury. These findings further suggest that a detailed history and physical examination is prudent to ensure identification of external genitalia trauma after blunt accidental mechanisms of injury, such as motor vehicle accidents.

Limitations {#Sec8}
-----------

Our study has several limitations including reporting bias, misclassifications, and missing data, which are inherent to retrospective database studies. In addition, we were limited to identifying genitalia trauma to only vaginal and vulvar injuries, lacking more granular information, such as time from the reported mechanism of injury, type of abuse or assault, and more details regarding the severity of the injuries (e.g., American Association for the Surgery of Trauma Grade of Injury) and involvement of other perineal structures and/or hymen. Moreover, data regarding the exact operative intervention and the type of provider performing these interventions were also unavailable. In addition, as mentioned, the NTDB only includes patients seen at a verified trauma center by the trauma team. Thus, patients with relatively minor traumatic injuries seen solely by an emergency room physician were not accounted for in this study, thereby likely overestimating the number of injuries that require repair. Additionally, given that the trauma team sees a limited portion of this population, these patients are likely biased towards those with more severe injuries. Finally, as a retrospective database study, with the database confined to the index hospitalization, we are unable to determine cause-and-effect associations and lack follow-up on our patient population, including outcomes related to operative repairs and psychological outcomes. Future prospective multicenter studies with long-term follow-up should be performed to evaluate these important outcomes. However, despite these limitations, our study is strengthened by the large nationwide population.

Conclusion {#Sec9}
==========

In a large national database study of female pediatric patients ≤ 16 years old with genitalia trauma limited to the vaginal and vulvar areas, there was a greater rate of vaginal injuries compared to vulvar injuries. Adolescent patients were more likely to be victims of rape and assault when compared to younger pediatric patients. Both adolescents and younger pediatric patients required a high rate of operative intervention for vaginal injuries, with adolescents more commonly requiring operative repair. These findings emphasize the value and need for provider vigilance when caring for pediatric patients involved in these mechanisms and/or use of this information to help identify pediatric patients sustaining external genitalia injuries from both accidental and non-accidental trauma.
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